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Abstract—Integral Equation (IE) formulation solved by Method 
of Moments may be used efficiently to address the  problem of 
quasi-waveguide structures, i.e. structures consisting of a main 
waveguide with a constant cross section that may bear an 
arbitrary number of printed circuits backed by dielectric 
substrates. In the case that the structure as well as the excitation 
has symmetry requirements, simplifications may be applied on 
the problem leading to a considerable improvement  in the usage 
of computational resources and time. In this paper we have 
developed and tested the theoretical formulation to apply the 
symmetry conditions on the IE technique in the context of 
shielded multilayered structures excited by waveguide ports. The 
formulation has been successfully applied to waveguide filters 
which use frequency selective surfaces as coupling elements.   
Keywords- Integral equation; Method of Moments; multilayerd 
media; symmetry; waveguide filters;  
I.  INTRODUCTION  
Integral equation (IE) technique has been proven to be an 
efficient tool addressing the problem of printed circuits 
embedded in shielded multilayered media [1, 2]. The technique 
may be efficiently used to model cavity-backed antennas [3] or 
microwave filters [4] and is also applicable to waveguide 
structures by applying post processing to retrieve modal 
scattering parameters.  
In the case that the structure as well as the excitation 
possesses some symmetry properties, simplifications may be 
applied on the problem to reduce the number of unknowns 
which leads to a considerable proficiency in the usage of 
computational resource and time.  In this paper we develop a 
formulation providing the theoretical background for applying 
symmetry conditions in the context of quasi-waveguide 
structures, i.e. structures consisting of a main waveguide with a 
constant cross section that may bear an arbitrary number of 
printed circuits backed by dielectric substrates. The developed 
formulation is then applied successfully to waveguide filters 
based on frequency selective surfaces (FSS). 
II. MATHEMATICAL FORMULATION 
A. Multilayered Media Problem 
The problem of printed circuits embedded in shielded 
multilayered media has been rigorously examined applying IE 
technique which is then solved by the Moments Method. The 
procedure is well described in [3, 5-7] where Green’s functions 
of the media are represented by  modal series as: 
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where ? ?heqp ,, ?  and  which V and I will be 
obtained using the transmission line model. 
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Applying symmetry conditions, one comes up with a new 
boundary value problem which will be solved in the context of 
waveguide theory and yields another new set of vector modal 
functions. This set will be then used to represent the Green’s 
functions of the media which is now the truncated geometry. 
B. Symmetry 
Generally, an electromagnetic problem may possess three 
types of planar symmetry [8]: geometric, electric and magnetic. 
The type of symmetry is defined by the geometric properties of 
the structure as well as the excitation scheme. If the geometry 
is symmetric with respect to the symmetry plane, while the 
sources are arbitrarily located the current/field distribution will 
not generally possess any symmetric properties and the 
unknown coefficients on the whole mesh must be solved and 
therefore no reduction in memory usage will be obtained. In 
the case of electric symmetry, not only geometric symmetry 
holds but also additional requirement are met by the sources in 
the way that tangential component of electric field and normal 
component of magnetic field disappear at the symmetry plane, 
allowing replacing it by a PEC wall. In a similar way, in the 
case of magnetic symmetry the source distribution guarantees 
that the tangential component of magnetic field and the normal 
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component of electric field vanish on the symmetry plane and 
so allow replacing it with a PMC wall.  
In the framework of boxed multilayered media applying 
symmetry simplifications will result in modifications of the 
boundary conditions of the longitudinal problem. To illustrate 
the problem let’s consider the general case of a rectangular 
waveguide problem as depicted if Fig. 1. As we know [9]  
fields can be expressed as: 
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And for the  fields we have: zTE
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in which ?  is the potential function satisfying Helmholtz’s 
equation subject to the appropriate boundary conditions which 
in the case of perfect electric walls lead to the conventional 
 and rectangular waveguide modes. Now consider that 
the structure has a symmetric geometry with respect to x and y 
axes and also the incident wave distribution allows assuming 
the symmetric planes along both axes in such a way that the 
structure can be split by introducing two symmetric planes. For 
example, if the waveguide is excited by its fundamental mode 
we may introduce a horizontal PEC and a vertical PMC plane 
as depicted in Fig.1a. The original problem is then converted to 
a new waveguide problem subject to the new boundary 
conditions such as the tangential component of electric field 
and magnetic field vanishes on PEC and PMC walls, 
respectively. Applying these criteria to equations (2) yields the 
boundary conditions that must be satisfied by the potential 
function 
zTE zTM
?  for and waves, as illustrated in Fig. 1b 
and Fig. 1c. 
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Figure 1.  a: The general geometry of a symmetric waveguide structure  
 
 
 
 
 
 
 
 
 
Figure 1.  b: the solution of Helmholtz’s equation for TE modes subject to 
the symmetry boundary conditions 
 
 
 
 
 
 
 
Figure 1.  c:  the solution of Helmholtz’s equation for TM modes subject to 
the symmetry boundary conditions 
 
Solving this boundary value problem in the Cartesian 
coordinate, one can obtain the potential functions for  and 
 waves as: 
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These scalar potentials will be used to obtain the vector modal 
functions of the waveguide structure which represent the 
Green’s functions of layered media: 
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III. NUMERICAL RESULTS 
To verify the results of the abovementioned formulation we 
have used a waveguide filter made up by three frequency 
selective surfaces (FSS) whose full geometry is depicted in Fig. 
2. Each FFS is a dual-behavior resonator by the combination of 
the aperture-type and the patch-type FSSs as presented in [10] 
whose geometry is depicted in Fig. 3. The geometry details of 
each resonator are given in Fig. 2b. All the design parameters 
have been chosen as proposed in [10]. The structure has been 
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modeled by a quarter of it using two symmetry planes. Note 
that when modeling the quarter of the structure, we have to 
define half-rooftops or half-RWGs on the cutting edges (Fig. 4) 
in order to model the flux of current which physically is not 
zero at these artificially introduced ending edges. The same 
strategy should be adopted modeling the wave ports when  
magnetic currents are introduced on them.  
 
 
 
 
 
 
 
Figure 2.  Waveguide filter with frequency selective surfaces (a) FSS1 (x1= 
0.34, x2= 3.99, y1= 2.77,y2= 1.57, l1= 8.8, l2=4.26 ), (b) FSS2 (x1= 0.3, x2= 
3.36, y1= 0.81,y2= 1.41, l1= 8.8, l2=2.52 ), (c) FSS3 (x1= 0.56, x2= 5.4, y1= 
0.77,y2= 0.46, l1= 5.67, l2=5.63 ) 
 
 
 
 
 
 
 
Figure 3.  The element shaspe 
 
 
 
 
Figure 4.  Defining basis functions to allow for the flux of current through 
the cutting edges 
The scattering parameters are presented in Fig. 5 which 
shows a fair agreement with HFSS results. The spectrum is 
slightly shifted toward lower frequencies which is mostly due 
to the triangular mesh which forces the currents flow along 
longer paths than the actual one. As it is observed, this effect is 
more pronounceable in higher frequencies.  
IV. CONCLUSION 
The symmetry boundary condition has been successfully 
developed and applied in the analysis of quasi-waveguide 
structures using IE technique solved by Method of Moments in 
the context of laterally shielded multilayered media. This 
provides a considerable gain in the terms of computational 
resources and time. 
 
 
 
 
 
 
 
 
 
Figure 5.  Insertion loss computed by HFSS and our code 
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